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(54) Method for producing multilayered ceramic substrata. 

@ A multilayered ceramic substrate which shrinks only in a thickness direction but does not. shrink in a 
plane direction is produced by forming at least two green sheets each of which comprises a 
glass-ceramic low-temperature firing substrate material, an organic binder and a plasticizer, forming an 
electrode pattern with a conductor paste composition on each of the green sheets, laminating the green 
sheets having the electrode pattern to obtain a laminate, laminating a pair of green sheets each 
comprising an inorganic material which is not sintered at a sintering temperature of the green sheets of 
the low- temperature firing substrate material or lower on both surfaces of the laminate, sintering the 
laminate sandwiched by the green sheets comprising the inorganic material, and removing the 
unsintered inorganic material or impregnating the inorganic material layers with a resin and forming a 
top layer wiring pattern thereon. 
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BACKGROUND OF THE INVENTION 
Fi Idofthelnv ntion 

5 Th present inv ntion relates to a method for producing a multilay red ceramic substrate for mounting and 

interconnecting semiconductor LSI or chip components exterior thereof. 

Description of the Related Art 

10 In these years, with the development of a low-temperature firing glass ceramic multilayered substrate, 
gold, silver, copper, palladium or their mixtures can be used as a conductor material. These metals have smaller 
conductor resistances than the conventionally used metals such as tungsten and molybdenum. With these 
metals, a multilayered ceramic substrate can be produced using a safe equipment at a low cost. 

Among these metals, noble metals such as gold, silver and palladium are expensive and their values 

is change greatly. Then, it is desired to use a copper electrode material which is cheap and a value of which does 
not change greatly. 

Now, typical methods for producing a low-temperature firing multilayered substrate will be explained. 
Roughly speaking, there are three kinds of low-temperature firing multilayered substrates. 

A first one uses a silver electrode as an internal electrode of the multilayered substrate and is produced 
20 by laminating the desired number of green sheets for the low-temperature firing substrate, sintering the lam- 
inated sheets in an air, printing an electrode pattern with a paste of silver-palladium on the top layer and sin- 
tering it This type of the multilayered substrate uses the silver electrode having a low impedance inside and 
the silver- palladium mixture which is resistant to soldering heat on the top layer. 

A second one uses a silver layer as an internal electrode and a copper electrode on the top layer of the 
25 multilayered substrate. Since the copper layer is used as the top wiring pattern, it has lower impedance and 
better solderability than the silver-palladium electrode. But, since copper has a lower eutect ic point with silver, 
a low-temperature firing copper paste (e.g. about 600°C) should be used. As the result, the substrate has some 
drawbacks such as weak adhesion strength, poor solderability, and the like (see Japanese Patent Publication 
No. 78798/1991). 

30 A third one uses copper electrodes as the internal electrode and on the top layer. Though this structure 
is excellent in the conductor resistance, solderability and the cost, the sintering should be carried out in an 
inert atmosphere so that its production is troublesome. In general, for forming the copper electrodes, a wiring 
pattern should be formed by screen printing a copper paste on the substrate, drying and sintering it at a tem- 
perature lower than a melting point of copper (e.g. a sintering temperature of 800°C to 1000°C) in a nitrogen 

35 atmosphere in which an oxygen partial pressure is so controlled that copper is not oxidized but organic ma- 
terials in the paste are well burnt off. For the formation of a multilayered structure, a dielectric layer is printed 
and sintered under the same conditions (see Japanese Patent Kokai Publication No. 128899/1980). 

However, it is very difficult to control the oxygen partial pressure at a suitable pressure in the sintering 
step. In addition, for the formation of a multilayered structure, sintering should be repeated after printing of 

40 each paste, so that a lead time becomes long and the production cost including the cost of equipments in- 
creases. 

Japanese Patent Publication No. 20914/1991 discloses a method for producing a multilayered ceramic 
substrate using a cupric oxide (CuO) paste and consisting of a step for binder burn-out, a step for reduction 
and a step for sintering. That is, a multilayered body is produced using cupric oxide as a raw material of a con- 

45 ductor, and in the step for binder burn-out, the multilayered body is heated at a temperature sufficient for pyr- 
olysis of the organic binder. In the reducing step, cupric oxide is reduced to metal copper and, in the sintering 
step, the substrate is sintered. Thereby, a composition of the atmosphere in the sintering step is easily con- 
trolled and a dense sintered material is obtained. 

The material of the low-temperature firing substrate is sintered at a temperature of about 850°C to 1 000°C 

so since it should be sintered at a temperature lower than the melting point of the above metal. As the materials 
of the low-temperature firing substrate, there are a glass-ceramic composite type, a crystallized glass type, a 
ceramic composite type, and the like. In particular, a glass-ceramic composite type comprising ceramic fillers 
such as alumina and the crystallized glass is often used since it can provide a substrate having various com- 
binations of properties such as a coefficient of thermal expansion, a thermal conductivity, a dielectric constant, 

55 tc. by the selection f th glass composition and a kind of the c ramie fill r. 

In general, a w ight ratio of th glass to alumina as the ceramic filler is about 50:50, and the composite 
is sintered at a low temperature of 850°C to 900°C. In the course of sint ring, the glass is first soft n d to 
form a n twork of th glass and alumina and then a crystallization reaction takes plac at int rfaces b tween 
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th glass and th alumina t btain a dense sintered body. Th refor , control of a distributi n of glass particle 
size and compatibility between the glass and alumina is a bas factor for stable production of th substrate. 
Invi wofth above production process and th raw materials, the low-temperature firing substrate is xpected 
to be a substrate for a high d nsity wiring patt rn which answers to miniaturization f eiectr nic d vices and 
5 tendency for high frequ ncyd vices. 

However, the multilayered ceramic substrate has a following drawback. 

The multilayered ceramic substrate shrinks in accordance with sintering. A degree of shrinkage in accor- 
dance with sintering varies with the kind of the substrate material, a composition of the green sheet, a powder 
lot, and the like. This will cause various problems in the production of the multilayered substrate. 

10 First, since the wiring pattern on the top layer is formed after the sintering of the internal wiring pattern 
in the production of the multilayered ceramic substrate as described above, the internal electrode and the wir- 
ing pattern on the top layer cannot be connected due to difference in dimensions between them if the shrinkage 
error of the sunstrate material is large. As the result, in order to absorb such shrinkage error, a land having an 
unnecessarily large area should be formed on the top layer electrode, but such electrode is not suitable for a 

15 circuit which requires a dense wiring pattern. Alternatively, various screens for the top wiring patterns are pro- 
vided according to the shrinkage errors and one of them is used according to the specific shrinkage error of 
the substrate. However, the provision of a number of the screens is not economical. 

If the top layer wiring pattern is formed at the same time as the formation of the internal electrode, no 
large land is necessary. But, in this simultaneous formation, the shrinkage error of the substrate still remains. 

20 Therefore, a solder paste pattern for mounting the components may not be printed on required positions due 
to the shrinkage error of the substrate. In addition, a position of the actually mounted component may deviate 
from a designed position. 

Second, the multilayered ceramic substrate produced by laminating the green sheets has different shrink- 
age factors in its longitudinal and lateral directions depending on the sheeting directions of the green sheets. 
25 This is one of the problems which arise in the production of the multilayered ceramic substrate. 

To reduce the shrinkage errors as much as possible, it is necessary to control not only the substrate ma- 
terial and the composition of the green sheet but also the powder lot difference and lamination conditions (e.g. 
pressing pressure, temperature, etc.). Still, it is said that about ±0.5 % of the error of the shrinkage factor re- 
mains. 

30 U.S. Patent Nos. 4,753,694 and 4,879,156 propose a method using solid electrodes and sintering a lam- 

inate while pressing it with porous ceramic materials. That is, in this process, since a thick f flm conductor has 
a high resistance, a solid electrode pattern such as a copper foil is transferred to a carrier film and a dielectric 
layer is formed thereon by a green sheet method. After via processing, a multilayered laminate is formed and 
sandwiched between a pair of porous sintered materials. Then, a composite is placed in a mold and sintered 

35 underpressure. By this method, the substrate shrinks in a thickness direction due to pressure while the shrink- 
age in the plane direction is suppressed. However this process still has the following problem. Since the sin- 
tered materials should be sufficiently porous for complete removal of the binder during binder burn-out, they 
adhere to the substrate during firing and their removal is very difficult. In addition, since the substrate should 
be fired under pressure, a construction of a firing furnace is complicated and this process is not suitable for 

40 mass production. 

The above problems are common to the firing substrates made of the ceramics or the glass-ceramics which 
requires firing. Then, if a substrate which shrinks only in a thickness direction but does not in a plane direction 
could be produced, the above problems would be solved and such substrate would be industrially attractive. 

45 SUMMARY OF THE INVENTION 

One object of the present invention is to provide a multilayered ceramic substrate which does not shrink 
in a plane direction and has good dimensional stability and high accuracy. 

Another object of the present invention is to provide a multilayered ceramic substrate which can be pro- 
so duced by firing a substrate material without pressing against the stacked green substrates and shrinks only in 
a thickness direction but does not in a plane direction. 

A further object of the present invention is to provide a multilayered ceramic substrate which does not 
shrink in a plane direction even if it has partly cavities. 

According to the present invention, there is provided a method for producing a multilayered ceramic sub- 
55 strate comprising steps of: 

forming at least two green sh ets ach of which comprises a glass-ceramic low-t mperature firing sub- 
strate mat rial, an rganic bind r and a plasticizer, 

forming an I ctrode pattern with a conduct r past composition n ach of said gre n sh ts 
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laminating said gr en sheets having th I ctrod patt rn to obtain a laminate, 
laminating a pair of green sh ts each comprising an inorganic material which is not sintered at a sin- 
tering t mperature of th green sheets f the low-temp nature firing substrate material r lower on both sur- 
faces of said laminate, 

5 sint ring said laminate sandwiched by the gre n sheets comprising the inorganic material, and 

removing the unsintered inorganic material or impregnating the inorganic material layers with a resin 
and forming a top layer wiring pattern thereon. 

The method of the present invention produces a muitOayered ceramic substrate which shrinks only in the 
thickness direction but does not in the plane direction during sintering. This may be because the laminate of 
10 the green sheets of the glass-ceramic substrate material is sandwiched by the sheets of the inorganic material 
which is not sintered so that the shrinkage in the plane direction is suppressed. 

When the glass-ceramic laminate has cavities on its surface, the cavities are filled with a powder of the 
inorganic material which is not sintered at the sintering temperature of the glass-ceramic substrate material 
and then the laminate is sandwiched by a pair of the green sheets of the inorganic material and sintered. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross sectional view of an example of a substrate produced by the method of the present in- 
vention, 

20 Fig. 2 is a flow chart of one embodiment of the method for producing a multilayered ceramic substrate 

according to the present invention, 

Fig. 3 is a cross sectional view of a laminate for a multilayered ceramic substrate produced in Example 3, 
Fig. 4 is a flow chart of a method carried out in Example 3, 

Fig. 5 is a cross sectional view of a multilayered ceramic substrate produced in Example 3 after sintering, 
25 and 

Fig. 6 is a cross sectional view of a substrate having cavities. 

DETAILED DESCRIPTION OF THE INVENTION v 

30 In the method of the present invention, as the glass-ceramic low-temperature firing substrate material, 
any of conventional used materials may be used. Preferred examples of such material are glasses such as 
borosiltcate glass and lead-borosilicate galss (cf. U.S. Patent No. 5,004,640), and ceramics such as alumina, 
calcia and magnasium. 

Examples of the binder are polyvinyl butyral resins, cellulose derivatives (e.g. ethyl cellulose), 
35 (meth)acrylic resins, polyvinyl alcohol and the like. 

Examples of the plasticizer are phthalates (e.g. di-n- butyl phthalate, benzyl-n-butyl phthalate, dinonyl 
phthalate, etc.), aliphatic dibasic acid esters (e.g. di(2-ethylhexyl) adipate or sebacate, etc.) and the like. 

The green sheet of such glass-ceramic substrate material is formed by a conventional method such as 
doctor blading, roll coating, calendering and the like. Typical methods are disclosed in U.S. Patent Nos. 
40 4,301 ,324 and 4,234,367. 

On the green sheet, the electrode pattern is formed by a conventional method such as screen printing 
and the like. 

The green sheets having the electrode pattern are laminate stacked to obtain a laminate of the green 
sheets. The lamination conditions include a temperature of 50 to 1 50°C and pressure of 50 to 200 kg/cm 2 . The 
45 laminate stacking method is disclosed in U.S. Patent No. 4,234,367. 

Specif ic examples of the inorganic material which is not sintered at a sintering temperature of the green 
sheets of the low-temperature firing substrate material or lower are Al 2 0 3 , MgO, Zr02, Ti0 2 , BeC, BN and the 
like. 

The green sheets of the inorganic material can be laminated on the both surfaces of the green sheet lam- 
so inate of the low-temperature firing substrate material at a temperature of 50 to 1 50°C under pressure of 50 to 
200 kg/cm 2 . This step may be done in the lamination step of the low temperature sintered substrates. 

The laminate sandwiched by the green sheets which comprises the inorganic material is wintered by first 
burning out the binder at a temperature of 400 to 750°C in an air for a suitable time, for example, one hour and 
th n heating (sint ring) the laminat at a t m perature of 8CW to 1000°C in the air for a suitable time, for example, 
55 on hour using a suitabl furnace such as a belt furnace. 

Aft r sintering, th unsintered in rganic material layers ar removed by a conventional method such as 
sand blast, ultrasonic cleaning, brushing, water-jetting and the like. 

Alternate ly, the inorganic mat rial lay rs are impregnated with a resin and f rming a top layer wiring pat- 
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tern thereon. 

Examples of the resin are epoxy resins, polyimid resins, silicone resins, acryl resins, phenolic resins, ur- 
ethane resins and th lik . 

5 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The method for producing the multilayered ceramic substrate which does not shrink in the plane direction 
according to the present invention will be explained by making reference to the accompanying drawings. 

10 Example 1 

One embodiment of the method for producing the multilayered ceramic substrate is explained by making 
reference to Fig. 2. 

As a glass-ceramic substrate material, a composition of lead borosflicate glass powder and alumina powder 
15 as a ceramic in a weight ratio of 50:50 (MLS- 19 manufactured by Nippon Electric Glass Co., Ltd.) was used. 
This glass-ceramic powder, polyvinyl butyral as a binder, di-n-butyl phthalate as a plasticizer and a mixed sol- 
vent of toluene and isopropanoJ in a weight ratio of 30:70 were mixed to prepare a slurry. 

The slurry was cast on an organic film (PET) with a doctor blade to form a sheet In this step, a process 
for for continuously carrying out sheeting, drying, blanking and optionally via hole forming was employed. On 
20 the formed green sheet a conductor pattern was formed with a silver paste and then via holes were f Died both 
by screen printing. The silver paste was prepared by mixing silver powder having an average particle size of 
1 jim, 5 % by weight of glass frits (GA-9 glass powder manufactured by Nippon Electric Glass Co., Ltd. having 
an average particle size of 2.5 \i m) which imparts adhesion strength and a vehicle comprising ethyl cellulose 
as an organic binder dissolved in a-terpineol using three level rolls to a suitable viscosity. A silver paste for via 
25 f aiing further contained 15 % by weight of the above glass-ceramic powder. 
The substrate green sheet had a thickness of about 200 jon. 

A green sheet which is not sintered was prepared by the same method as above except that only alumina 
(AL-41 manufactured by Sumitomo Aluminum Co., Ltd.) was used as an inorganic component This green sheet 
of the inorganic material had a thickness of about 300 urn. 

30 For the production of a substrate of Fig. 1, four substrate green sheets bearing the wiring patterns were 

laminated. On both surfaces of the laminate, the alumina green sheets were laminated. A composite of the 
green sheets was thermocompressed at 80°C under 200 kg/cm 2 to obtain an unsintered multilayered ceramic 
substrate having the structure of Fig. 1 , which comprises the glass-ceramic green sheets 1 , the alumina green 
sheets 2 and the internal electrodes 3. 

35 Then, the compressed laminate was sintered on an 96 % alumina plate. The laminated was heated at a 
heating rate of 1 00°C/hr in an air up to 500°C to burn out the binder and then sintered in an electric belt furnace 
in the air at 900°C for one hour including a retention time of about 12 minutes at 900°C. 

After sintering, the alumina layers were removed from the laminate by ultrasonic cleaning in butyl acetate. 
The alumina layers were completely removed. 

40 A shrinkage factor of the substrate was less than 0.1 %. A shrinkage in the thickness direction was about 
35 %. These results mean that the substrate does not shrink in the plane direction. 

On the surface of the multilayered ceramic substrate, a top layer wiring pattern of a silver-palladium paste 
was screen printed and sintered under the same conditions as above. Since the shrinkage of the substrate 
was very small, there was no shear in printing of the top layer wiring pattern. 

45 

Comparative Example 1 

A conventional multilayered ceramic substrate was produced by the same manner as above but using no 
alumina green sheets. 

so The properties of the multilayered ceramic substrates produced in Example 1 and Comparative Example 
1 are shown in Table 1 . 


55 
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Tabl 1 


Property 

Exam pi 1 

Comp. Ex. 1 

onnnicag (vo) 



in plane direction 

<U.l 

lo.o 

in thickness direction 

oo.o 


Density after sintering (g/cm 3 ) 


a.lo 

wocTTicieni or inermai expansion uypm/^oj 

ft 19 

O. l£ 

O.U I 

Flexural strength (kg/cm 2 ) 

2600 

2680 

Surface roughness (±um) 

1.8 

1.4 

Dielectric constant 

7.7 

7.9 

Insulation resistance (x 10 13 ) 

4.6 

9.0 

Adhesion strength of top layer electrode (kgf) 

2.80 

2.27 


20 

As understood from the above results, the multilayered ceramic substrate of the present invention shrinks 
only in the thickness direction but hardly shrinks in the plane. In addition, the multilayered ceramic substrate 
produced by the method of the present invention has substantially the same properties as the ceramic sub- 
strate produced by the conventional method. 
25 The surface roughness of the substrate of the present invention was larger than that of the conventional 
one. This may be because the alumina powder remained on the glass-ceramic layer. But, the above surface 
roughness is practically acceptable. 

The multilayered ceramic substrate of the present invention has the larger adhesion strength of the top 
layer electrode than the conventional one. This may be due to the larger surface roughness of the substrate 
30 of the present invention. 

This adhesion strength was measured soldering a lead wire having a diameter of 0.6 mm on a 2 mm square 
electrode pad in an L figure and pulling the lead wire in a direction perpendicular to the substrate. The strength 
at break was used as the adhesion strength of the top layer electrode. 

35 Example 2 

A glass- ceramic green sheet was prepared using the same composition as used in Example 1. On the 
green sheet, a conductor pattern was formed with a CuO paste and then via holes were filled both by screen 
printing. The CuO paste was prepared by mixing CuO powder having an average particle size of 3 jim, 3 % 
40 by weight of glass frits (LS-0803 glass powder manufactured by Nippon Electric Glass Co., Ltd. having an aver- 
age particle size of 2.5 urn) which imparts adhesion strength and a vehicle comprising ethyl cellulose as an 
organic binder dissolved in a-terpineol using three level rolls to a suitable viscosity. A CuO paste for via filling 
further contained 15 % by weight of the above glass-ceramic powder. 
The substrate green sheet had a thickness of about 200 um. 
45 A green sheet which is not sintered was prepared by the same method as above except that only beryllium 
oxide having an average particle size of 1 \ax\ (manufactured Kanto Chemical Co., Ltd.) was used as an organic 
component. This green sheet of the inorganic material had a thickness of about 300 um. 

For the production of a substrate of Fig. 3, four substrate green sheets bearing the wiring patterns were 
laminated. On both surfaces of the laminate, the alumina green sheets were laminated. A composite of the 
so green sheets was thermocompressed at 80°C under 200 kg/cm 2 to obtain an unsintered multilayered ceramic 
substrate having the structure of Fig. 1 , which comprises the glass-ceramic green sheets 31 , the alumina green 
sheets 32 and the internal electrodes 33. 

Then, the compressed laminate was sintered as follows: 

First, the binders were burnt out Since the used binders were polyvinyl butyral for the green sheets 
55 and thyl cellulos forth CuO paste, th y can be d composed at a temp nature high r than 500°C in an air. 
Th n, in this Example, th bind rs were burnt out at 600°C in the air. Th reafter, th laminat was reduced 
in a 100 % hydrogen atmospher at 200°C f r 5 hours. The Cu lay r was analyzed by X-ray diffraction and 
th formation of 100 % Cu was confirmed. Th laminate was then sintered in th electric mesh b It furnace 
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at 900°C in a pure nitrogen atmosph r . 

After sintering, th beryllium oxide layers w reremov dfromth laminate by the sam ultrasonic cl aning 
asinExarnpl 1. 

Ashrinkag factor f th substrat was less than 0.05 %. Other prop rties wer substantially th sam 
5 as thos in Example 1. 

On the surface of the multilayered ceramic substrate, a top layer wiring pattern of a copper paste (#QP 
153 manufactured by DuPont) was screen printed and sintered under the same conditions as above. The ad- 
hesion strength of the top layer electrode was 2.65 kgf. 

When MgO, Zr0 2 , TIO2 or BN was used in place of alumina or beryllium oxide in Example 1 or 2, the same 
10 results were achieved. 

In the above Examples, the top layer electrode was formed after the sintering of the substrate. But, the 
top layer electrode can be printed on the surface of the laminated green sheets and sintered. 

Example 3 

15 

In this Example, a multilayered ceramic substrate was produced by the method illustrated in Fig. 4. 

As a glass-ceramic substrate material, a composition of lead borosOicate glass powder and alumina powder 
as a ceramic in a weight ratio of 50:50 (MLS-19 manufactured by Nippon Electric Glass Co., Ltd.) was used. 
This glass-ceramic powder, polybutyl methacrylate as a binder, di-n-butyl phthalate as a plasticizer and methyl 
20 ethyl ketone as a solvent were mixed to prepare a slurry. 

The slurry was coated on an organic film with a doctor blade to form a sheet In this step, a process for 
continuously carrying out sheeting, drying, blanking and optionally via hole forming was employed. On the 
formed green sheet, a conductor pattern was formed with a silver paste and then via holes were filled both 
by screen printing. The silver paste was prepared by mixing silver powder having an average particle size of 
25 1 um, 5 % by weight of glass frits (GA-9 glass powder manufactured by Nippon Electric Glass Co., Ltd. having 
an average particle size of 2.5 u m) which imparts adhesion strength and a vehicle comprising ethyl cellulose 
as an organic binder dissolved in a-terpineoi using three level rolls to a suitable viscosity. A silver paste for via 
filling further contained 15 % by weight of the above glass-ceramic powder. 

The substrate green sheet had a thickness of about 200 um. 
30 A green sheet which is not sintered was prepared by the same method as above except that only alumina 
(AL-41 manufactured Sumitomo Aluminum Co., Ltd.) was used as an inorganic component This green sheet 
of alumina had a thickness of about 300 um. 

In the alumina green sheet, via holes each having a diameter of 0.15 mm were formed by punching. 

For the production of a substrate of Fig. 3, four substrate green sheets bearing the wiring patterns were 
35 laminated. On both surfaces of the laminate, the alumina green sheets were laminated. A composite of the 
green sheets was thermocompressed at 80°C under 200 kg/cm 2 to obtain an unsintered multilayered ceramic 
substrate having the structure of Fig. 3, which comprises the glass-ceramic green sheets 31 , the alumina green 
sheets 32 and the internal electrodes 33. 

Then, the compressed laminate was sintered on an 96 % alumina plate. The laminated was heated in an 
40 air at 500°C to burn out the binder and then sintered in an electric belt furnace in the air at 900°C for one hour 
including a retention time of about 12 minutes at 900°C. 

The substrate did not shrink in the plane direction. 

Then, the sintered laminate was heated at 1 50°C in the air, and an epoxy resin was dropped on one surface 
of the laminate, impregnated in the unsintered alumina layer and cured. On the other surface of the laminate, 
45 the epoxy resin was impregnated in the same manner as above. Thereby, voids of the both unsintered alumina 
layers were filled with the epoxy resin. 

The shrinkage factor of the substrate was less than 0.05 %. 

The entire surfaces of the substrate was abrased to expose the via wirings and plated with copper at a 
thickness of about 35 um by the electroless copper plating or the electrolytic copper plating. Then, the plated 
so copper layers were etched to form desired wiring patterns. A cross sectional view of the produced substrate 
is shown in Fig. 5. The substrate comprises the glass-ceramic substrate layers 51, the internal electrodes 53, 
the unsintered alumina layers 54 impregnated with the epoxy resin, and the top layer wiring patterns of copper 
55. 

The multilayered ceramic substrates produced in this Example did not shrink in the plane direction and 
55 had good mechanical strength and high accuracy. Since the wiring patt rs in the ceramic layers shrunk v ry 
slightly, ther was no slippag of th top layer wiring patterns. Such substrate is suitabl for th assembly of 
a multi-tip modul which requires highly precis wirings. 
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Exampl 4 

As the glass-ceramic green sh ets, thos having the same composition as that used in Example 3 were 
used. On ach fth green sh ts, a conductor pattern was form d with a CuO paste and th n via holes were 
5 fflled both by screen printing. Th CuO paste was pr pared by mixing CuO powd r having an av rage particle 
size of 3 urn, 3 % by weight of glass frits (LS-0803 glass powder manufactured by Nippon Electric Glass Co., 
Ltd. having an average particle size of 2.5 jim) which imparts adhesion strength and a vehicle comprising poly- 
butyl methacrylate as an organic binder dissolved in a-terpineoJ using three level rolls to a suitable viscosity. 
A CuO paste for via filling further contained 15 % by weight of the above glass-ceramic powder. 
10 The substrate green sheet had a thickness of about 200 \im. 

A green sheet which is not sintered was prepared by the same method as above except that only magne- 
sium oxide (manufactured Kanto Chemical Co., Ltd.) was used as an inorganic component was used as the 
inorganic component This green sheet of the inorganic material had a thickness of about 300 \xm. 

The predetermined number of substrate green sheets bearing the wiring patterns were laminated. On both 
15 surfaces of the laminate, the magnesium oxide green sheets were laminated. A composite of the green sheets 
was thermocompressed at 80°C under 200 kg/cm 2 to obtain an unsintered multiiayered ceramic substrate. 
Then, the compressed laminate was sintered as follows: 

First, the binders were burnt out Since the used binders were polybutyl methacrylate for the green 
sheets and the CuO paste, they can be decomposed at a temperature higher than 450°C in an air. Then, in 
20 this Example, the binders were burnt off at 500°C in the air. Thereafter, the laminate was reduced in a 1 00 % 
hydrogen atmosphere at 200°C for 5 hours. The Cu layer was analyzed by X-ray diffraction and the formation 
of 100 % Cu was confirmed. The laminate was then sintered in the electric mesh belt furnace at 900°C in a 
pure nitrogen atmosphere. 

After sintering, the magnesium oxide layers were filled with the resin in the same manner as in Example 
25 3. A solution of a monomer of polyimide dissolved in chloroform was dropped on one surface of the laminate 
and dried. Then, this surface of the substrate was abrased to expose the via wirings and laminated with a cop- 
per foil having a thickness of about 35 urn, followed by heat treating at 300°C, whereby the adhesion strength 
between the copper foil and the polyimide layer was improved. Then, the copper foil layer was etched to form 
a desired wiring pattern. The shrinkage factor of the produced substrate was less than 0.05 %. 
30 When Zr0 2 , Ti0 2 , BN or BeO was used in place of MgO, the same results as above were achieved. 

When the unsintered green sheet layer is placed on one side of the laminated substrate green sheet only 
the side having no unsintered green sheet is sintered so that the sintered substrate warps. 

In this Example, as the filling resin, a silicone resin, an acryl resin, a phenol resin or a urethane resin can 
be used in place of the epoxy resin or the polyimide resin. 
35 Since the produced substrate has good dimensional stability, it is possible to directly mount the semicon- 
ductors and the like on the substrate. 

Example 5 

40 This Example explains a method for producing a multiiayered ceramic substrate having cavities on its sur- 

face. 

The production steps are substantially the same as those of Fig. 2. 

As a glass-ceramic substrate material, a composition of lead borosBicate glass powder and alumina powder 
as a ceramic in a weight ratio of 50:50 (MLS-21 manufactured by Nippon Electric Glass Co., Ltd.) was used. 

45 This glass-ceramic powder, polyvinyl butyral as a binder, di-n- butyl phthaJate as a plasticizer and methyl ethyl 
ketone were mixed to prepare a slurry. 

The slurry was coated on an organic film with a doctor blade to form a sheet In this step, a process for 
for continuously carrying out sheeting, drying, blanking and optionally via hole forming was employed. On the 
formed green sheet, a conductor pattern was formed with a silver paste and then via holes were filled both 

so by screen printing. The silver paste was prepared by mixing silver powder having an average particle size of 
1 }im, 5 % by weight of glass frits (GA-9 glass powder manufactured by Nippon Electric Glass Co., Ltd. having 
an average particle size of 2.5 u m) which imparts adhesion strength and a vehicle comprising ethyl cellulose 
as an organic binder dissolved in a-terpineol using three level rolls to a suitable viscosity. A silver paste for via 
f aiing further contained 15 % by w ight of the above glass-ceramic powd r. 

55 The substrate gre n sh t had a thickness of about 300 \im. 

Thepred termined number of th green sheets w relaminat d and heat pressed at 80°C under 100 kg/cm 2 
to form a laminate. Cavities present on the surface wer fill d with an inorganic powd r which is not sint red 
at the sint ring t mperature. As the inorganic powder composition, alumina having an av rage particl siz 


8 


EP0 535 711 A2 


of 1.9 um (AL-41 manufactured by Sumitomo Aluminum Co., Ltd.) was used. Fig. 6 shows a cross sectional 
view of a substrate having th cavities 65 on the laminate 62. The cavities were filled by th alumina powder 
63. The num ral 64 represents the internal lectrod s. The laminat was th n molded under 200 kg/cm 2 . 

Thereafter, a pair of alumina green sh ts 61 each having a thickness of about 300 urn were placed n 
5 th both ski ofth laminate and heat thermocompress d. 

Then, the compressed laminate was sintered on an 96 % alumina plate. The laminated was heated in the 
air at 500°C to burn out the binder and then sintered in an electric belt furnace in the air at 900°C for one hour 
including a retention time of about 12 minutes. 

After sintering, the alumina layers were removed from the laminate by ultrasonic cleaning in butyl acetate. 
10 The unsintered alumina layers and the alumina powder in the cavities were completely removed. 

A shrinkage factor of the substrate was less than 0.1 %. This result means that the substrate dis not shrink 
in the plane direction. 

On the surface of the multilayered ceramic substrate, a top layer wiring pattern of a silver-palladium paste 
was screen printed and sintered under the same conditions as above. Since the shrinkage of the substrate 
15 was very small, there was no shear in printing of the top layer wiring pattern. 

Since the substrate does not shrink in the method of the present invention, it is possible to produce the 
multilayered ceramic substrate having high accuracy even when the substrate surface has the cavities. This 
is favorable for the production of a ceramic package which is used as a semiconductor package and the I See. 

According to the present invention, it is possible to produce a multilayered ceramic substrate which shrinks 
20 only in the thickness direction and does not shrink in the plane direction without using special materials or 
complicated processes. Thereby, the multilayered ceramic substrate having the same size can be always pro- 
duced without depending on the substrate material, the green sheet composition or the powder lot 

When the top layer wiring pattern is formed after the sintering of the internal wiring patterns in the pro- 
duction of the multilayered ceramic substrate, the complete connection is formed between the internal wiring 
25 patterns and the top layer wiring pattern. As the result, the land area for connection can be decreased and 
therefore the high density multilayered wiring substrate can be produced. Further, the number of screens is 
decreased, and it is not necessary to enlarge the internal wiring pattern depending on the shrinkage factor. 


30 Claims 

1. A method for producing a multilayered ceramic substrate comprising steps of: 

forming at least two green sheets each of which comprises a glass-ceramic low-temperature firing 

substrate material, an organic binder and a plasticizer, 
35 forming an electrode pattern with a conductor paste composition on each of said green sheets 

laminating said green sheets having the electrode pattern to obtain a laminate, 
laminating a pair of green sheets each comprising an inorganic material which is not sintered at a 

sintering temperature of the green sheets of the low-temperature firing substrate material or lower on both 

surfaces of said laminate, 

40 sintering said laminate sandwiched by the green sheets comprising the inorganic material, and 

removing the unsintered inorganic material. 

2. The method according to claim 1 , wherein said laminated is sintered at a temperature of 800 to 1000°C. 

^ 3. The method according to claim 1 , wherein said inorganic material is at least one compound selected from 
the group consisting of Al 2 0 3t MgO, Zr0 2 , Ti0 2t BeO and BN. 

4. The method according to claim 1, wherein said unsintered inorganic material is removed by ultrasonic 
cleaning. 

50 5. The method according to claim 1, wherein said conductor paste comprises a component selected from 
the group consisting of silver, silver- palladium, silver-platinum and copper. 

6. A method for producing a multilayered ceramic substrate comprising steps of: 

forming at I ast two green sheets each f which comprises a glass-ceramic low-t mperature firing 
55 substrate material, an organic bind r and a plasticizer, 

forming an electrod patt rn with a conductor past composition comprising cupric oxide on each 
of said green sheets, 
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laminating said green sheets having the electrode pattern to obtain a laminate, 

laminating a pair of gre n sheets ach comprising an inorganic material which is not sintered at a 

sintering temperature of the green sheets of the low-temperature firing substrate material or lower on both 

surfaces of said laminat , 

5 heating said laminate at a temperature at which said rganic binder is decomposed and removed, 

reducing cupric oxide in an atmosphere of hydrogen or a mixture of hydrogen and nitrogen, 
sintering said reduced laminate in a nitrogen atmosphere, and 
removing the unsintered inorganic material. 

10 7. The method according to claim 6, which further comprises, after the removal of said unsintered inorganic 
material, forming a top layer wiring pattern with a copper paste and sintering the laminate in a nitrogen 
atmosphere. 

8. The method according to claim 6, wherein said laminated is sintered at a temperature of 800 to 1000°C. 

15 

9. The method according to claim 6, wherein said inorganic material is at least one compound selected from 
the group consisting of Al 2 0 3 , MgO, ZrOz, no 2 , BeO and BN. 

10. The method according to claim 6, wherein said unsintered inorganic material is removed by ultrasonic 
cleaning. 

20 

11. A method for producing a multilayered ceramic substrate comprising steps of: 

forming at least two green sheets each of which comprises a glass-ceramic low-temperature firing 
substrate material, an organic binder and a plasticizer, 

forming an electrode pattern with a conductor paste composition on each of said green sheets 
25 laminating said green sheets having the electrode pattern to obtain a laminate, 

filling via holes with a conductor paste composition, 

laminating a pair of green sheets each comprising an inorganic material which is not sintered at a 
sintering temperature of the green sheets of the low-temperature firing substrate material or lower on both 
surfaces of said laminate, 

30 sintering said laminate sandwiched by the green sheets comprising the inorganic material, 

impregnating the inorganic material layers with a resin and forming a top layer wiring pattern on 
at least one surface of the laminate. 

12. The method according to claim 11 , wherein said laminated is sintered at a temperature of 800 to 1000°C. 

35 

13. The method according to claim 1 1 , wherein said inorganic material is at least one compound selected from 
the group consisting of Al 2 0 3 , MgO, Zr0 2 , Ti0 2 , BeO and BN. 

14. The method according to claim 11 , wherein said resin for impregnating the inorganic material layers is at 
m least one resin selected from the group consisting of an epoxy resin, a polyimide resin, a silicone resin, 

an acryl resin, a phenolic resin and a urethane resin. 

15. The method according to claim 11, wherein said conductor paste comprises a component selected from 
the group consisting of silver, silver-palladium, silver-platinum and copper. 

45 16. The method according to claim 11 , wherein said top layer wiring pattern is formed by laminating a copper 
foil on the resin-impregnated layer and etching the copper foil. 

17. The method according to claim 11, wherein said top layer wiring pattern is formed by plating the resin 
impregnated surface with copper and etching the plated copper layer. 

so 

18. A method for producing a multilayered ceramic substrate comprising steps of: 

forming at least two green sheets each of which comprises a glass-ceramic low-temperature firing 
substrate material, an organic binder and a plasticizer, 

forming an electrode pattern with a conductor paste composition on each of said green sheets 
55 laminating said green sheets having the electrode patt rn to obtain a laminate, 

filling cavities pres nt on at least one surface of said laminat with an in rganic material p wd r 
which is not sintered at a sintering temperature of th green she ts of th low-temperature firing substrate 
material or lower under pressure, 
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laminating a pair of gre n she ts each comprising an inorganic material which is not sintered at a 
sintering temperature of th green sheets of th low-temperature firing substrat material or lower on both 
surfaces of said laminate, 

sintering said laminat sandwiched by the gre n sheets comprising the inorganic material, and 
rem ving th unsintered inorganic material. 

19. The method according to claim 18, wherein said laminated is sintered at a temperature of 800 to 1000°C. 

20. The method according to claim 1 8, wherein said inorganic material is at least one compound selected from 
the group consisting of Al 2 0 3 , MgO, Zr0 2 , Ti0 2 , BeO and BN. 

21. The method according to claim 18, wherein said unsintered inorganic material is removed by ultrasonic 
cleaning. 

22. The method according to claim 18, wherein said conductor paste comprises a component selected from 
the group consisting of silver, silver-palladium, silver-platinum and copper. 

23. The method according to claim 18, wherein said cavities are filled with said inorganic material powder 
under pressure of 50 to 500 kg/cm 2 . 

20 24. A method for producing a multilayered ceramic substrate comprising steps of: 

forming layers of an inorganic material powder which is not sintered at a sintering temperature on 
both surfaces of a glass-ceramic laminate having cavities on its surfaces under pressure, 
sintering said laminate, and 
removing the unsintered inorganic material. 


15 


25 


30 


35 


40 


45 


50 


25. The method according to claim 24, wherein said laminated is sintered at a temperature of 800 to 1 000°C. 

26. The method according to claim 24, wherein said inorganic material is at least one compound selected from 
the group consisting of Al 2 0 3 , MgO, ZrO* T10 2 , BeO and BN. 

27. The method according to claim 24, wherein said unsintered inorganic material is removed by ultrasonic 
cleaning. 

28. The method according to claim 24, wherein said conductor paste comprises a component selected from 
the group consisting of silver, silver-palladium, silver-platinum and copper. 

29. The method according to claim 24, wherein said cavities are filled with said inorganic material powder 
under pressure of 50 to 500 kg/cm 2 . 


55 
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Fig. 2 
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Fig. 4 PRODUCTION PROCESS PLOW 
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